University of Montana

ScholarWorks at University of Montana
Graduate Student Theses, Dissertations, &
Professional Papers

Graduate School

2005

Revegetating decommissioned roads in a dry Douglas-fir forest of
the Oregon Cascades : seeding with non-natives versus natural
recovery
Jolanta H. Glabek
The University of Montana

Follow this and additional works at: https://scholarworks.umt.edu/etd

Let us know how access to this document benefits you.
Recommended Citation
Glabek, Jolanta H., "Revegetating decommissioned roads in a dry Douglas-fir forest of the Oregon
Cascades : seeding with non-natives versus natural recovery" (2005). Graduate Student Theses,
Dissertations, & Professional Papers. 6097.
https://scholarworks.umt.edu/etd/6097

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an
authorized administrator of ScholarWorks at University of Montana. For more information, please contact
scholarworks@mso.umt.edu.

Maureen and M ike
MANSFIELD LIBRARY

The University o f

Montana
Permission is granted by the author to reproduce this material in its entirety,
provided that this material is used for scholarly purposes and is properly
cited in published works and reports.
♦♦Please check "Yes” or "No" and provide signature^^
Yes, I grant permission
No, I do not grant permission

_____

Author's Signature:
Date:

S: j z H

________

Any copying for commercial purposes or financial gain may be undertaken
only with the author's explicit consent.

8/96

REVEGETATING DECOMMISSIONED ROADS
IN A DRY DOUGLAS-FIR FOREST
OF THE OREGON CASCADES
-SEEDING WITH NON-NATIVES VERSUS NATURAL RECOVERY

By
Jolanta H. Glabek
B.A. Lewis and Clark College; Portland, Oregon. 1998
Presented in partial fulfillment of the requirements for the degree o f
of
Master o f Science
The University o f Montana
May 2005

Approved by:

Dean, Graduate School

•o ' 2 “7Date

o

5"

UMI Number: EP36898

All rights reserved
INFORMATION TO ALL USERS
The quality of this reproduction Is d ependent upon the quality of the copy subm itted.
In the unlikely event that the author did not send a com plete m anuscript
and th ere a re missing p ag es, th e se will be noted. Also, if material had to be rem oved,
a note will indicate the deletion.

UMT
D iuartetion PuMiahmg

UMI EP36898
Published by ProQ uest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition © ProQ uest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United S tates C ode

uesf
ProQ uest LLC.
789 E ast Eisenhow er Parkway
P.O. Box 1346
Ann Arbor, Ml 48106 - 1346

Glabek, Jolanta H. M.S., May 2005

Environmental Studies

Revegetating Decommissioned Roads in a Dry Douglas-fir Forest, of the Oregon
Cascades-Seeding with Non-natiyes Versus Natural Recovery
Chairperson: Vicki Watson

Y^

Currently, there are over 440,000 miles of known roads throughout 191 million acres of
national forest. Many o f these are unused and deteriorating, unnecessarily impacting the
ecological, hydrologie, and geomorphic function of aquatic and terrestrial ecosystems. It
can be argued that forest ecosystem restoration requires that some o f these roads be
decommissioned and revegetated with native vegetation. In the past, land managers often
revegetated road surfaces with non-native species because these species quickly protect
the soil surface from erosion, and are relatively available and inexpensive. However,
managers have recognized some o f the negative impacts of revegetating with non-native
species. These impacts include the possibility of non-natives persisting for long periods,
inhibiting re-establishment of native perennials, and invading adjacent native plant
communities. Native plant species may be more appropriate for revegetation because
they are associated with dependent wildlife species and are naturally occurring
components o f affected ecosystems. In this study I compared the rate of recovery of
native vegetation in Mt. Hood National Forest under two road decommissioning
treatments: 1) ripped roads seeded with non-native seed mix and 2) non-seeded ripped
roads. I found that seeded roads had significantly more total vegetation, and significantly
less bare ground and litter. Also, I found more non-native cover (but only at a = 0.1).
However, there was no difference in “weed” cover or frequency, or in species richness,
and no evidence of non-native seeded species moving off the road. While seeded roads
had more vegetative cover, presumably making them less susceptible to erosion, that
additional cover was mainly non-native cover, which can slow or inhibit restoration of
native plant communities. This particular forest type may be resistant to invasion and/or
this particular seed mix may include no species prone to invade this forest type. Another
seed mix, or another setting might have produced different results. When considering
non-native seeding in restoration work, the following factors should be considered: the
stability o f the site, the susceptibility of the adjacent community to invasion, and the
invasiveness o f the available seed mixes.
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Preamble
This thesis has two parts. Part I is a literature review of a wide range of
techniques used in road decommissioning. Part II is a manuscript prepared for
submission to a professional journal describing my field study comparing two specific
decommissioning techniques. The latter has a shorter, more targeted literature review.

Part I —Road Decommissioning
Introduction
Road decommissioning is an increeisingly important component o f forest
restoration efforts, particularly in western national forests. While land managers and
heavy equipment operators are skilled at the ground-moving aspects of road
decommissioning, there are still questions concerning revegetating the disturbed sites. In
the past, most forest roads were constructed to harvest timber, and there was little thought
about their ecological effects, or the pros and cons of closing these roads.
Today, with over 440,000 miles o f known roads throughout 191 million acres of
forest, the United States Forest Service is responsible for over nine times the total road
length of the Federal Interstate Highway System (Havelick 2002). These roads cause
ecological, hydrologie, and geomorphic impacts to a watershed. They can alter hillslope
hydrology by reducing infiltration, concentrating water through road drainage structures,
and converting subsurface flow to surface flow (Luce 2002). Overland flow can cause
geomorphic changes such as chronic erosion, increased risk of landslides, and decreased
aquatic habitat quality (Gucinski et al. 2001). Roads also influence the ecology of

terrestrial and aquatic ecosystems through direct habitat loss, fragmentation, and human
impacts due to increased access (Wisdom et al. 2000). Thus, it is important to
decommission some roads and restore areas where roads previously existed in order to
reestablish and maintain healthy ecosystems.
One way to decommission a road is to close the road using gates, berms, or deep
ditches. However, studies show that these devices are ineffective at stopping road use by
people intent on accessing restricted areas (Hammer 2001). While combining closure
with a device that prohibits motorized access may reduce a road’s terrestrial impacts by
reducing spread and controlling invasive species and providing wildlife security, the
closed roads continue to disrupt natural drainage patterns, cause soil erosion, and possibly
initiate mass failures (Bagley 1998, Swift and Bums 1999, USFS 2003, Bradley 1997).
Converting a road to a trail reduces road impacts more than closures if all fill materials
are stabilized before the trail is constructed. More widely used and studied approaches to
road decommissioning include ripping the roadbed, recontouring cut and fill slopes,
removing stream crossings, and revegetating (Switalski et al. 2004).
Ripping involves decompacting road surfaces to a depth of two to five feet.
Recontouring involves returning all fill materials to locations from which fill was
removed during road construction and restoring the original slope as much as possible.
Following road decommissioning, restoration treatments are often implemented to speed
the recovery o f disturbed land. One of the most important aspects of restoration is
ensuring quick revegetation.
Revegetation is assumed to speed physical recovery of disturbed sites and reduce
further off-site degradation by reducing surface erosion, enhancing soil structure, slope

stability and biological activity (Bagley 1998). Revegetation may be accomplished by
relying on natural plant colonization, or by planting native species, non-native species, or
a combination o f non-native and native species. Since natural re-colonization of
disturbed areas can be very slow, especially in dry ecosystems, active revegetation has
been the preferred technique (Elseroad 2001).
Historically, the USFS has used non-native species to revegetate decommissioned
roads because non-native species provide a quick cover to protect the soil surface, and are
often readily available and relatively inexpensive. However, managers have recognized
some o f the negative impacts of revegetating with non-native species. These impacts
include the possibility of non-natives persisting for long periods, inhibiting re
establishment of native perennials, and invading and outcompeting adjacent native plant
communities. Native plant species may be more appropriate for revegetation because
they are associated with dependent wildlife species and are naturally occurring
components o f affected ecosystems (USFS 1995).
The Forest Service is currently debating the use o f non-native seed mixes, native
seed mixes, or not seeding at all to revegetate decommissioned roads. Through this
project, I hope to provide some answers to agencies like the Forest Service on the relative
merits o f different methods o f revegetating decommissioned roads in a specific setting.
To this end, I compared the rate o f recovery o f native vegetation under two treatments:
ripped roads seeded with a non-native seed mix, and ripped roads that have not been
seeded. Seeding with natives was not assessed in this study.

Literature Review of Road Decommissioning Techniques
Relatively few studies have been conducted on the success of ripping and
revegetating decommissioned roads, and meiny o f these studies report conflicting results.
Most o f these studies include ripping the roadbed, adding organic materials and
fertilizers, seeding with native and non-native seeds mixes, or not seeding. There have
also been a limited number of quantitative studies conducted on weed establishment on
decommissioned roads, which I will detail as well. These studies are all summarized in a
table in Appendix A.
Road Ripping

Ripping a roadbed is a common technique in road decommissioning, and the
primary method o f road decommissioning on flat and gentle sloping areas. Ripping not
only reduces compaction on the road surface but also enhances subsurface water flow by
reducing soil density and increasing porosity, infiltration, and percolation (Luce 1997).
Switalski et al. (2004) also noted that studies on road ripping have been carried out in
diverse landscapes across North America, in a variety of ecotypes, and that this procedure
had been found to reduce erosion, improve infiltration, increase rate o f revegetation, and
discourage weed establishment.
Studies conducted on ripping the road surface show mainly favorable results.
Luce (1997) applied simulated rainfall events to ripped and non-ripped decommissioned
forest roads to determine hydrologie conductivity changes with added water and rain
splash in the Idaho Panhandle National Forest. He concluded that ripping the soil greatly
accelerated the recovery o f hydrologie function, including both infiltration and
percolation, which in turn reduced runoff water. Bradley (1997) also found ripping to be

a successful treatment in road decommissioning. She found that ripping successfully
improved infîltration rates three months after treatment in western Montana. DiGregoria
et al. (1995) also found that deep soil ripping down to three feet below the surface was
successful in reducing soil compaction and improving seed germination and plant growth.
This deeply ripped soil typically showed high cover when planted with a seed mix, but in
areas with no ripping had virtually no vegetative cover even after three years. When the
road was ripped only to a depth of one foot, rock and bare ground predominated with
some colonization by pioneer species. McNabb (1994) also conducted studies on soil
ripping but discovered negative effects of ripping. He found that soil settling and surface
sealing have been shown to reduce infiltration rates during the first 1-3 rainfall events
following ripping.
M ulching and Fertilizing

Adding organic material and fertilizer to abandoned and ripped road surfaces has
resulted in both positive and negative effects (Bagley 1998, Elseroad 2001). Typical
organic materials include straw, hay, wood residues such as wood chips, sawdust, and
bark fragments. These organic materials are applied to the soil surface after ripping or
seeding, and are used to protect the soil surface, reduce erosion, ameliorate temperature
extremes, and reduce moisture stress (Bagley 1998). However, studies have also found
negative impacts o f adding these organic materials such as delayed seed germination and
inhibited plant cover. Adding fertilizer to decommissioned roads is thought to increase
vegetation productivity and vigor, but may be short-lived and increase the number of
non-natives. This practice may also increase nutrient loading to nearby streams.

Reisinger et al. (1988) found that ripping the road surface combined with
fertilization provided the best conditions for vegetation growth following road
obliteration. Bergeron (2003) found that fertilizer increased native plant biomass and
total vegetation cover on ripped logging roads in the western Cascades o f Washington.
On the other hand, Lopushinsky and Zabowski (1992) found a decrease in vegetative
cover over time following application of fertilizer on an obliterated road. Hektner and
Reed (1991) found that species diversity and seedling density were greater on straw
mulched plots than on plots without straw mulch on decommissioned logging roads in the
Redwood National Park.
Researchers that examined both mulch and fertilizer found that adding mulch
decreased vegetation growth while adding fertilizer increased vegetation growth.
Maynard and Hill (1992) evaluated the effects o f mulch and fertilizer on initial density of
planted species on three types o f forested road sites (sunny, shady, wet) in Connecticut.
Sixteen months after applying hay mulch and fertilization treatments, Maynard and Hill
found that mulching significantly retarded germination o f planted species, and the
addition o f fertilizer improved the vigor of planted species, but its effects were only
noticed in the first year. Popenoe (1987) tested fertilizer and organic mulches on an old
decommissioned logging road in the Redwood National Park in northern California. He
found that the organic mulches (straw, chipped Douglas-fir, and chipped Monterey pine)
inhibited development o f plant cover, but the fertilizer increased overall plant cover. He
noted that the fertilizer increased establishment and led to a rapid increase in the size of
individual plants.

In contrast, Stonesifer and McGowan (1999) found positive effects o f adding
mulch and no effect of adding fertilizer to decommissioned roads. They monitored roads
a year after they were decommissioned and treated with mulch and fertilizer in the
Clearwater National Forest. They found that areas mulched with straw had higher
vegetative growth and less soil erosion. Areas mulched with native vegetation (native
brush and trees growing alongside the roadside) had a low to moderate success in
vegetative growth and mixed results in controlling erosion. Plots with no fertilizer were
also compared to plots with a chemical fertilizer (biosol), but there were no significant
differences between these treatments in the number o f plants, height o f plants and percent
cover.
The combination o f mulch and fertilizer has produced positive results on
vegetation growth in at least two studies. In 1997, Bradley evaluated the effects o f
ripping, fertilizing and mulching with logging residues, on ripped roads in the
Intermountain West. Bradley (1997) found that ripping combined with “lopped slash
mulch” and fertilizer significantly improved germination of seeded species relative to
controls six weeks after preparation, and yielded healthy grass communities after 12
weeks. This combination o f ripping, mulching, and fertilizing produced more
aboveground biomass and mature seedheads than any other single treatment. Reed and
Hektner (1982) conducted a two-year study examining straw mulch and fertilizer on
decommissioned roads in the Redwood National Park and found that species diversity
and cover increased with fertilization and mulching.
Cotts et al. (1991) tested the effect o f mulching on not ripped decommissioned
roads during their two-year study in the Grand Teton National Park, Wyoming. They

found that the use o f woodchip mulch significantly delayed plant community
development the first season, but the suppression was not evident during the second year.
They noted that the delayed germination was probably due to the mulch maintaining a
cool soil temperature during germination.
Seeding

For the purposes of this discussion, the following definitions will be used:
Native —Species that are naturally found within a defined study area (i.e. that
were not introduced by European settlement).
Non-native - Species that were introduced to a defined study area by European
settlement (i.e. that were not in the area prior to European settlement).
Weed - Species that at a particular place and particular time are considered
problems.
(Note) other authors may use these terms differently.

Several studies have examined the effects o f seeding on decommissioned roads
showing that seeding provides plant cover quicker than not seeding. For example,
Elseroad et al. (2003) applied a number of treatments consisting o f native seeds, topsoil
additions, and mulching, on a portion o f ripped road in the Coconino National Forest in
Arizona. Fourteen months after applying treatments, total plant cover and plant density
of native annual and perennial grasses and forbs were significantly greater on all plots
seeded with local native seed, compared to unseeded plots (Elseroad et al. 2003). Kidd
and Haut (1968) examined the growth o f grass on logging roads in Idaho. They found
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that ripping followed by seeding increased the number of surviving plants per unit area
relative to not ripping and not seeding.
When choosing to seed with a native mix, the use of indigenous (collected at site)
versus commercially available native seed mixes has long been a concern for
restorationists. Most restorations use commercial seed because it is cheaper, easily
available, establishes quickly, and the negative effects are not well known. However,
Cotts et al. (1991) tested the application of indigenous seed versus commercial seed
during their two-year study in the Grand Teton National Park, Wyoming. They found
that the indigenous seed mixture produced significantly greater total plant cover than the
commercial native treatments under both ripped and not ripped treatments. The
indigenous treatments averaged 20% perennial grass cover, while the commercial
treatments averaged only 12% perennial grass cover.
Knapp and Rice (1994) explain how to collect seed to obtain an adequate sample
of the genetic variation within a population. They argue that genetic variation is
necessary for populations to evolve and undergo adaptive change in response to changing
environmental conditions, hence maintaining genetic diversity can be beneficial for the
long-term survival of the population. They recommend that seed mixes for revegetation
include: adequate population size to avoid inbreeding; a full range of local variation
(harvest seeds from plants growing in micro-environments similar to those found on the
restoration site); and conscious and unconscious selection (avoid choosing only those
species doing well under current conditions).
Another study found that seeding increased cover; however, the non-native seed
mix produced only non-native cover and prevented native seeds from reestablishing

(DiGregoria et al. 1995). DiGregoria et al. (1995) monitored four to five-year-old
decommissioned roads in the Olympic and Mt. Baker-Snoqualmie National Forests in
Washington. Many o f the roads planted with non-native grasses and legumes were in the
process o f becoming exotic meadows, and these non-native pioneer grasses and legumes
applied in seed mixes were becoming the dominant vegetation on these sites. DiGregoria
et al. (1995) found that developing a blanket strategy for revegetating decommissioned
roads is ineffective, and each road must be considered individually when selecting among
treatment alternatives.
Seeding combined with mulch and fertilizer has also been studied on non-ripped
roads by Reed and Hektner (1982). They examined vegetative cover on various
treatments in the Redwood National Park. The treatments were: 1) seed with straw
mulch, 2) seed with straw mulch and fertilizer, 3) fertilizer and straw mulch, and 4) straw
mulch only. They found that after two years all the seeded sites maintained a higher
vegetative cover than the unseeded sites.
Nelson (2003) on the other hand suggested seeding is not necessary because
naturally revegetated roads (abandoned 20+ years ago) were not significantly different
fi*om adjacent native prairie in Colorado in foliar cover and species fi*equency. However,
DiGregoria et al. (1995) found very different results on more recently abandoned roads
where naturally revegetated roads had very little initial cover and still had low vegetation
cover even 15 years after abandonment. Aubry and Potash (1998) monitored the
effectiveness o f revegetation projects in the Mt. Baker-Snoqualmie National Forest in
1996-1997 and found similar results to DiGregoria et al. (1995). Their survey was
conducted on seeded and non-seeded sites that had been closed for 1-18 years. Even up
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to 18 years after road closure, the amount of vegetative cover was not correlated with the
number of years since closure.
Studies have produced conflicting results on the effectiveness of ripping in
preventing or at least reducing establishment of weeds. Research in Idaho found few
weeds following ripping, compared to not ripping (USFS 2003). Bradley (1997)
observed the rate o f weed invasion on ripped roads in western Montana and found that
germination o f weeds was generally lower on ripped plots, compared to non-ripped plots.
Digreroria et al. (1995) monitored roads that were ripped three years earlier and found
that many o f the pioneer species that became established were non-native weedy species.
Reed and Hektner (1982) found more weeds on unseeded ripped plots compared to the
ripped seeded plots. The use of non-native seed on decommissioned roads has been
argued by scientists to keep out weeds by serving as useful “place-holders” until natives
can recolonize.
From my literature review it appears that different treatments have proven
beneficial for different restoration goals. Ripping the roadbed improves soil properties
(increasing infiltration and reducing soil erosion). Ripping has also been effective in
increasing vegetation germination and growth. Adding mulch alone to decommissioned
roads is usually detrimental to plant growth, whereas adding fertilizer or the combination
of mulch and fertilizer appears advantageous. Finally, seeding usually increases cover in
short term but inhibits reestablishment o f natives if non-natives are used. However, these
results are generalizations. Each unique combination of environment and treatments
could produce a different set o f results.
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Introduction
Historically, most forest roads in the US were constructed to harvest timber, and
there was little concern about long-term ecological effects (Switalski et al. 2004).
Currently, there are over 440,000 miles of known roads throughout 191 million acres of
national forest. Many o f these are unused and deteriorating, unnecessarily impacting the
ecological, hydrologie, and geomorphic function o f aquatic and terrestrial ecosystems
(Havelick 2002). Roads are major vectors for weeds, and decommissioning roads has
been shown to decrease weeds. It can be argued that forest ecosystem restoration
requires that some o f these roads be decommissioned and revegetated with native
vegetation.
Many restoration professionals consider quick revegetation to be one o f the most
critical goals o f restoration; hence it is often used as a key measure o f restoration
‘success’. This is because loss o f topsoil greatly slows all aspects of ecosystem recovery.
Revegetation may be accomplished by relying on natural plant colonization, or by active
replanting, seeding with native or non-native species, or a combination of both. Forest
managers have mostly used non-native species to revegetate roads because they quickly
cover and protect the soil surface and are often readily available and inexpensive.
However, revegetating with non-native species can inhibit re-establishment of native
perennials and result in the invasion of adjacent native plant communities. Native plant
species may be more appropriate for revegetation because they are associated with
dependent wildlife species and are naturally occurring components of affected
ecosystems (USFS 1995). While other authors may use these terms differently, in this
paper the following definitions will be used:
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Native species - Species naturally found within a defined study area (i.e. that
were not introduced by European settlement).
Non-native species—Species that were introduced to a defined study area by
European settlement (i.e. that were not in the area prior to European settlement).
Weed species —Species that at a particular place and time are considered
problems.

Few researchers have compared the success o f seeding with non-native versus
native seed mixes, or o f allowing natural revegetation (no seeding). Some studies have
found no difference in treatments while others have found that each technique has
advantages and disadvantages.
Most researchers have concluded that seeding decommissioned roads provides
vegetative cover (and presumably erosion control) more quickly than not seeding
(Elserod et al. 2003; DiGregoria et al. 1995; Aubry and Potash 1998). However, Nelson
(2003) concluded that seeding was not necessary because 20 years after road
abandonment, unseeded road surfaces did not differ significantly from the surrounding
plant community in foliar cover and species frequency. Moreover, DiGregoria et al.
(1995) found that using non-native seed produced a community dominated by non
natives that prevented native plants firom reestablishing. Hence seeding appears to have
advantages in short-term erosion control, but if non-native seed is used, can have long
term negative effects on the plant community. Despite those risks, non-native seed is
often used because o f its low cost, availability, and quick establishment.

17

Forest Service managers are currently debating which road revegetation
techniques best balance cost, erosion control, and protection of native plant communities.
This study addresses one aspect o f that debate and in one particular ecotype (dry
Douglas-Ar). We addressed the question: “If only non-native seed is available, which
road revegetation technique better balances recovery o f soil cover and protection o f the
native plant community—seeding or not seeding?”

Study Area
Our Study area was located in the Mile Creeks watershed in Mt. Hood National
Forest (north central Oregon) on the eastern side of the Cascade Mountain Range (Fig. 1).
We endeavored to select sites so as to hold the following factors as constant as possible:
elevation, climate, time since decommissioning, decommissioning treatment. The sites
were located on dry upland wooded areas at 900-1,000 meters in elevation, vnih
southeast aspects, and 10-20 degree slopes. The climate of the study area is semi-arid —
most o f the precipitation falls in winter and the average annual precipitation is 51 to
lOlcentimeters. The average annual air temperature ranges from 7 to 11° C, with
extremes ranging from -34 in the winter to 46° C in the summer (Green 1982). The study
area has a mantle o f wind-deposited volcanic ash over Columbia River Basalt (Howes
1979) and is characterized by a Hessian-Skyline-Frailey soil association, consisting of
fine sandy loam textured ash-laden soil, reaching to depths of 101 to 178 cm (Green
1982). These basalt derived soils contain high amounts of sand and have a severe erosion
potential (USDA 1994). We used the Revised Universal Soil Loss Equation, Version 2
(USDA-NRCS 2004) to estimate soil loss erosion o f 30,480 kg/. 5 hectare/yr, (anything
over 4,000 kg/hec/yr is considered a highly erodible soil; see Appendix B).
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The plant Eissociation for the area is Douglas-fir/Oceanspray/Elk Sedge
(Pseudotsuga menziesii/Holodiscus discolor/Carex geyeri\ indicating dry sites (USDA
1988). This association is characterized by brushy stands o f ponderosa pine {Pinus
ponderosd) and Douglas-fir (Pseudotsuga menziesii). The only other tree species present
are small amounts o f Oregon white oak (Quercus garryand) and grand fir (Abies
grandis). The understory dominants include oceanspray (Holodiscus discolor),
serviceberry (Amelanchier medik), and snowberry (Symphoricarpos albus), while elk
sedge (Carex garberi) is the dominant herb.
Given the limits on meeting our site selection criteria, and the small number o f
replicate sites, we consider these sites to be representative of sites meeting similar criteria
in the Mt. Hood National Forest.
Because rainfall the year after decommissioning can have a large impact on
species specific cover years after decommissioning, it is critical that the sites compared
were not decommissioned in years with very different amounts of precipitation. The
seeded sites were decommissioned in 1992 and the non-seeded sites were
decommissioned in 1994. An examination of historical precipitation data revealed that
precipitation was close to the long-term average in both these years. Hence, the two
treatments did not differ greatly in terms of the moisture environment right after
decommissioning.
Road decommissioning and restoration must proceed with care and caution due to
the watershed’s diverse and significant wildlife. The Mile Creeks watershed has the only
extant stock o f wild winter steelhead in Oregon that originated from inland redband trout,
and populations o f genetically intact wild steelhead are rare throughout the region. Mile
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Creeks watershed is also a signifîcant migration pathway for deer and elk between
summer range meadows to the west and the winter range lowlands to the east (USDA
1994).
The watershed’s historical land use consisted of timber production and grazing.
While timber harvest has greatly declined since the peak in the 1940’s, many timber
harvest roads still exist. Mt. Hood National Forest currently manages 5,550 km’s of
roads on over 400 thousand hectares. Average road densities in the Mile Creeks
watershed are 4.8 kilometers/sq. km while target average road densities for Mt. Hood N.F
are 4.0 kilometers/sq. km (USDA 1994). Hence road decommissioning is not meeting
targets.

Methods
We examined the rate of recovery o f native vegetation and its ability to compete
with non-native vegetation under two treatments: ripped roads seeded with a non-native
seed mix (Fig. 2) and ripped roads not seeded (Fig. 3). Replanting with natives was not
assessed because this re-vegetation method was seldom used in the study area. The roads
were decommissioned between 1992 and 1994 (10-12 years before the study). At the
time of decommissioning, the roads were ripped by an excavator to depths o f 40 to 50
cm, and a non-native seed mix (Table 1) was applied manually at 45 kg/1.6 km on the
seeded site (Dodd 2005).
There were three sites for each o f the two road treatments, for a total of six sites,
located up to 5 km apart. On each site, two 30 m transects were established where
species presence/absence was noted every 3 m (24 replicate plots), and cover estimated
every 6 m (12 replicate plots). Cover was estimated by canopy cover (fraction of ground
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covered by cover types as perceived from above). Presence o f seeded species spreading
off the road was noted at 1, 2, 3, 4 and 45 m into the adjacent forest (Fig. 4). This spacing
allowed us to check for the rate o f spread off roads (if this was occurring), and to check
an area well off the road in the event that weeds had already spread out to 4m from the
road.
Using a 50 by 20 cm (O.lm^) frame, we estimated percent cover of bare ground,
rock, litter, and o f native and non-native species, and placed each replicate plot into one
o f six cover classes (Table 2). Cover data were analyzed using the midpoint value of
each cover class. We also noted presence/absence of native and non-native species in
Im^ plots on the road, as well as seeded plants spreading off the road into the forest.
Presence/absence data were summarized as percent frequency of occurrence out of 24
plots. We also calculated percent frequency from the cover data collected in the O.lm^
frames.
Species were identified and classified as native versus non-native using
Hitchcock (1971) and Polar and MacKinnon (1994). Weeds were identified using the
Oregon State University Weed List.
Multiple analysis o f variance (MANOVA) was performed to detect differences
between treatments based on four or five mean percent cover types considered
simultaneously. Chi-Square tests were conducted to compare differences in cover type
frequency distributions for seeded and non-seeded roads as well as presence of seeded
non-natives spreading off the road. The two-sample Z-test for proportions was used to
compare species richness of native, non-native and weed species on seeded versus nonseeded roads. Finally, the 2-sample t-test was used to compare the percent cover of

21

weeds on seeded versus non-seeded roads, while the 2-sample Z-test for proportions was
used to compare their proportions. Species richness was converted to proportions to
conduct statistical analysis by dividing the number o f species found in all 72 frames of
each treatment divided by the number of frames in each treatment. All hypotheses and
associated tests are summarized in Appendix C.

Results
When seeded and non-seeded treatments were compared, only four of the
measures o f cover, frequency and richness were significantly different (Figures 5 and 6,
Appendix D). Seeded roads had significantly more rock and total vegetation cover, while
there was significantly less bare ground and litter cover. There was also more non-native
cover, but only at the 0.1 significance level.
Total vegetation cover was significantly greater on seeded sites than on nonseeded sites (Fqqqj=31.39, (1, 10); Fig. 5) and litter was significantly lower (FppQ5=14.17,
(1,10); Fig. 5). When total vegetation cover was divided into native and non-native
cover, seeded sites also had significantly higher non-native cover (Fo.i=3.95, (1, 10); Fig.
5). The difference in litter is most likely not a result of the treatment, but an artifact of

measuring canopy cover, where the taller cover types (vegetation) interfered with
assessing area of shorter cover types (bare ground, litter and rock).
It should be noted that grouping cover observations into such broad cover classes
also has the effect o f smoothing data and may obscure subtle differences between
treatments.
Percent frequency data collected using Im^ plots and O.lm^ plots were similar.
The seeded roads had significantly less bare ground than non-seeded roads (Im^ plots:
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x 2 ç= 15.9,

df=4, p^.005; and O.lm^ plots: X^c=14.1, df=4, f^ . 05; Fig. 6). However, the

0. Im^ plot data also showed rock to be more widely distributed on the seeded sites
(X^c= 14.04, df=4, p^.005; Fig. 6); however, the observed differences in rock cover and
frequency are unlikely to be a result of the treatment, just an inherent difference in the
sites that occurred by chance and the inability to control all variables in a field study.
Plant species diversity (native and non-native) on the two treatments (summarized
at the bottom o f Appendix D) was not significantly different between the treatments.
While the two treatments were similar in diversity, and showed few differences in gross
measures o f cover and frequency, there were some apparent differences in which species
dominated the treatments. Appendix E summarizes the cover and frequency of all
herbaceous species found at the study sites. Native plants providing good cover on the
roads may be good candidates for future native seed mixes in this area. The plants with
the most cover on the non-seeded sites were all natives: Achillea millefolium, Cryptantha
flaccida Collinsia parviflora. Madia exigua, Montia perfoliata, Poa secunda, Sedum
stenopetalum. On the seeded sites the dominant plants included the natives: Achillea
millefolium, Cryptantha flaccida, Bromus carinatus, Deschampsia cespitosa, Fragaria
vesca, Lupinus sericeus. Vicia americana, and the non-native weedy species Bromus
japonicus and Festuca ovina. These differences between treatments may be due to
chance, or may be due to differential suppression of volunteer species by the seeded
species. Interestingly, two o f the seeded species (Dactylis glomerata and Trifolium
repens) had persisted on the seeded roads (although at relatively low cover levels), while
the other two seeded species (Lolium perenne and Festuca rubra) had vanished from the
site. Clearly this particular non-native seed mix does not tend to dominate over time in
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this particular setting. In addition, the only non-native found in large quantities at the
seeded sites that was not also at the un-seeded sites was Festuca ovina. Hence, this is the
only species that shows any evidence of contaminating the seed mix, but it is not
considered a weed in Oregon. However, these results suggest that it should be watched
for possible negative effects on native plant communities.
There was no evidence o f seeded non-native species spreading off the roads (i.e.
no seeded species were observed in the 45 m transects on either side o f the seeded roads).
There was no significant difference in weed cover or frequency on seeded versus nonseeded sites (Appendix D). Species considered weeds in Oregon and commonly found
on the studied roads included the non-natives bulbous bluegrass {Poa bulbosa), Japanese
brome {Bromus japonicus), and common sheep sorrel {Rumex acetoselld) (Appendix E).
Interestingly, the native Achillea millefolium provided good volunteer cover at these sites,
but is considered a weed in Oregon.

Discussion
The relative success o f different revegetation treatments depends on management
goals. We considered the more successful revegetation treatment to be the one with
significantly greater vegetative cover, native species cover and native species richness.
In this study, the non-native seeded treatment reduced bare ground on the highly
erodible soils to a greater degree than natural recovery. In addition, there was a marginal
difference between the treatments in the amount o f non-native cover. So apparently, this
particular non-native seed mix in this particular plant community and at this stage of
succession, provided erosion control benefits, without harming the native plant
community.
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Our results corroborated Elseroad et al. (2003) and DiGregoria et al. (1995), in
that seeding increased vegetation cover, compared to not seeding. However, unlike
DiGregoria et al. (1995) who found that non-natives dominated 15 years after seeding
with non-native species, we found a similar mixture of native and non-native plants on
our seeded and unseeded roads. This difference in results could be attributed to
DiGregoria conducting his study in a wet environment compared to our semiarid
environment. DiGregoria et al. (1995) also found that many o f the non-natives that
established on the seeded sites were considered weeds while non-natives on the nonseeded sites were not weeds. This is contrary to our results, where we found no
difference between treatments in the percent cover or percent frequency of weeds. In our
study, seeding with non-natives did not appear to encourage nor discourage the
propagation o f weeds.
Since non-native seeding did not reduce weeds on decommissioned roads, and the
non-native seeded sites had marginally higher non-native species cover even after ten
years, native species seeding should be considered when revegetating the Mt. Hood N.F.
Also, we found no difference in species richness in native, non-native, and weed species,
indicating that a diversity o f species was able to establish on the non-seeded sites, and the
non-native seeded sites did not prevent the establishment of other non-seeded species.
Other researchers have emphasized the value of using native species for
revegetating (Shelly 1997, Knapp and Rice 1994, Elsenroad et al 2003). Shelly (1997)
went further and encouraged use o f native species collected on or near the restoration
site. He states it is important to maximize adaptability o f plants to local site conditions
and to minimize possible negative genetic influences on native plant populations adjacent
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to the revegetation site. He recommends that local native plant material be planted no
more than 500 feet higher or 1000 feet lower than the elevation at which it was collected.
In conclusion, we found that this particular non-native seed mix used at these
particular sites and assessed 10-12 years after seeding, resulted in less bare ground, but a
marginally higher percentage o f non-natives, compared to not seeding. In addition, this
seed mix did not appear to suppress native recolonization of the road site, nor did the
non-natives in the seed mix move off the target site and invade the adjacent plant
community. Another seed mix might have exhibited these problems, or this seed mix
might cause problems if used at another site. Hence, use of native seed mixes is probably
less risky. Even though we did not evaluate roads seeded with native seeds, we
speculate that seeding with native seeds would be more successful than either of the
treatments that we evaluated and would reduce ecological impacts at a faster rate.
In our study we used broad cover classes which tend to smooth data and can
obscure subtle differences between treatments. We urge future researchers to estimate
percent cover to 10 percent classes as well as a trace (< 1%) and 1-5% and 5-10% to
capture rare species. In addition, increasing the level of replication may make it possible
to detect subtle differences between treatments missed by this study.
Future research should focus on the effect o f specific seed mixes in specific
environments to determine which seed mixes are resistant to spreading off the road
and/or which community types are most resistant to invasion.
More research also needs to be conducted on seeding with native seed mixes to
compare to studies already conducted using non-native species to help establish the most
successful revegetation treatment. Future research should also examine how different
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measures o f success may change over time after treatment. Our study calculated cover,
frequency and richness characteristics at one point in time (10-12 years after seeding),
and we did not examine dynamic changes over time. We also had no information on the
level o f non-native species infestation of the area before decommissioning. It would be
beneficial to monitor decommissioned roads immediately before and after treatment, and
yearly after.
When selecting revegetation methods for decommissioned roads, the following
factors should be considered:
1) The erosion potential of the site (soils, slope, climate).
2) The value, rarity, and susceptibility to invasion of the adjacent plant
community.
3) The availability o f local native seed mixes or of non-native mixes that have
been tested for invasiveness in this setting.
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Table 1. Seed Mix Used on Roads in This Study.
(Percent Content by Species)
Seeded Species
Percent
Orchardgrass {Dactylis glomerata')
62.5
Perennial Ryegrass {Lolium perenne)
17.5
Creeping Red Fescue {Festuca rubra)
12.5
White Clover {Trifolium repens)
7.5
Table 2. Conversion o f Cover Class Codes to Class.
X

J

_

^

n

____________ * __________

r ______i

_____________

Cover Classes Range of Coverage Midpoint of Range
(Percent)
(Percent)
1
0-5
2.5
2
5-25
15
3
25-50
37.5
4
50-75
62.5
5
75-95
85
6
95-100
97.5
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Appendix A,
Summary of Literature on Techniques Used to Restore or Rehabilitate Road Surfaces.
All techniques were applied to decommissioned roads unless other types of roads are
Study Location

Colorado
Washington
(Olympic & M t BakerSnoqualmie Nat For)

Same
Central Idaho

Northern California
(Redwood National Park)
Same
Western Montana
(Clearwater Nat For)

Treatments of
Road Surface
Monitored abandoned roads
Monitored abandoned roads
RIPPING
Ripping to 3 ft vs Not ripping

Time Since
Treatment
20 Yrs
1-15 Yrs

1 to 3 Yrs

Deep ripping & seeding vs Not
ripping or seeding
Ripping & seeding vs Not seeding
AMENDMENTS
Add mulch
Add mulch vs No mulch

16 months

Add organic mulch
Add straw mulch
Add native veg mulch

1 Yr

Wyoming
(Grand Teton N.P)

Add woodchip mulch to
abandoned roads

Connecticut
Washington
(Western Cascades)

Add fertilizer
Add fertilizer to ripped roads

lYr

Add fertilizer to obliterated roads
Northern California
(Redwood National Park)
Western Montana
(Clearwater Nat For)

Add fertilizer

Northern California
(Redwood National Park)
Washington
(Olympic & Mt BakerSnoqualmie Nat For)

Add mulch A fertilizer
RIPPING A AMENDMENTS
Ripping, adding looped slash,
mulch A fertilizer vs No addition

Same
Northern California
(Redwood National Park)
Wyoming
(Grand T eton N P)
Arizona
(Coconino N.F.)
Washington
(Olympic A Mt BakerSnoqualmie Nat For)
Idaho
Western MT

Idaho Panhandle
Western Montana
Western Montana
(Clearwater Nat For)

Ripping vs Not tipping
Ripping vs Not ripping
Ripping vs Not tipping
Add straw mulch

PLANT CmOWTH
Vegetation similar to adjacent prairie
Low plant cover even after 15 years
A few mature seedlings

Citation

+ Nelson (2003)
- DiGregoria et al. (1995)

Ripping increased seed germination,
plant growth A decompacted seal
Higher cover from ripping/seeding
than not ripping A seeding
Ripping & seeding increased
number of surviving plants per area

+ DiGregoria et al. (1995)

Decreased germination of planted spp
Mulch increased species diversify
A seedling density
Mulch stopped plant growth
Mulch prcnnoted plant growth
Mutch resulted in low success in
plant growth
Mulch slowed plant development

- Maynard and Hill (1992)
+ Hekner and Reed (1991)

Improved plant growth
Increased native plant biomass
A total plant cover
Less plant cover
than non-fertilized roads
Increased plant cover

+ Maynard and (fill (1992)
+ Bergeron (2003)

+ DiGregoria et al (1995)
+ Kidd and Haut (196g)

- Popcnoe(1987)
+ Stonesifer and McGowan (1999)
Stonesifer and McGowan (1999)
-

Cotts et al . (1991)

-

Lopushinsky and Zabowski (1992)

+ Popenoe (1987)
Stonesifer and McGowan (1999)

1 and 2 Yrs Increased species diversity A cover

+ Reed and Hekner (1982)

6 weeks

Speeded germination
of seeded spp

+ DiGregoria et al. (1995)

4-5 Yrs

dominance by non-natives

-

Additions produced higher plant cover

+ Reed and Hekner (1982)

Indigenous seeding provided greater plant
cover on both ripped A non ripped roads
Increased native cover
No increase in plant cover
Plant cover was not correlated
with number of years road closed

+ Cotts et al. (1991)

Add seed mix, mulch, A fertilizer to
tipped roads vs No such additions
Add indigenous seed vs commercial
2 Yrs
seeding of ripped A non-ripped roads
Add native seed mix vs No addition
Add native seed A mulch to ripped roads 14 months
1-IS Yrs
Seeding vs Not seedirtg

VARIOUS
Ripping
Ripping vs Not ripping
Ripping
Seeding vs Not seeding

Significant
Effect

No difference in number of plants,
height or plant cover

Add chemical fertilizer (Biosol)

SEEDING VS NOT SEEDING
Seeding with non-natives

Response

3 Yrs

1-3 rains
3 Yrs
1 Yr

DiGregoria et al. (1995)

+ Elseroad et al. (2003)
- Elseroad et al. (2003)
- Aubry and Potash (1988)

WEED ESTABLISHMENT
Little weed est^lishm ent
Fewer weeds on tipped plots
Many pioneer species were weeds
More weeds on un-seeded plots

+ USFS (2003)
+ Bradley (1997)
- DiGregoria et al. (1995)
Reed and Hcktner (1982)

SOIL PROPERTIES
Ripping increased infiltration
Ripping decreased infiltration
Ripping increased infiltration
Mulch reduced soil erosion

+
+
+
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Luce (1997)
McNabb (1994)
Bradley (1997)
Stonesifer and McGowan (1999)

Appendix B.
RUSLE2 Profile Erosion Calculation Record

Info: NRCS uses this model to calculate the erodibility of soils. I attended a training in
RUSLE2 offered by NRCS and used the model to calculate the erodibility of soils on my
sites.
The inputs required by the model are listed below as are the outputs produced by a run of
the model. The RUSLE2 program allows one to browse and pick a study location site
from set data, however one must have knowledge of the soil type, slope length, and slope
steepness before running the program. Study site soil data were obtained from a soil
resource inventory (Howes 1979), and slope length and steepness were measured at site.
An output with anything over 4,000 kg/hec/yr results in highly erodible soils.
File: profiles\Erosion Profile
Access Group: R2 NRC S Fld Offrce
Inputs:

Location: Oregon\Wasco County\OR Wasco R28-32
Soil: 28E HESSLAN-SKYLINE COMPLEX, 5 TO 40 PERCENT SLOPES\HESSLAN
stony loam 45% (Howes 1979)
Slope length (horizon): 30m
Avg. slope steepness: 20 %
Outputs:

Soil loss erosion: 30,480 kg/.5 hectare/yr
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Appendix C.
Hypotheses, Rejection rules, and Test statistics for Frequency Distributions of Cover
Types, Percent Cover, and Species Richness of Seeded versus Non-Seeded Roads.
Reject Hoif:

Test Used

X*C>XV005=12.84

Same as Species Richness
test below

Frequency distribution
o f cover classes is
depaident on method
(seeding/not seeding)
”
"
Same as Species Richness
test below

Chi-Square
Chi-Square
Chi-Square
Chi-Square
Chi-Square
Chi-Square
Z Test For Proportions

Frequency distribution
o f cover dasses is not
dependent cm method
(seeding/not seeding)

Frequency distribution
o f cover classes is
dependent on method
(seeding/not seeding)

X ^ c > x V « l= ll 34

H,

Ho
Freqooicy (In f plots)
Bare Ground
Rock
Litter
Native
Non-native
Total V eg
Weeds
Frequency (0.1 nf plots)
Bare Ground
Rock
Litter
Native
Non-native
Total Veg
Weeds
C over (0.1 n f plots)
Bare Ground
Rock
Litter
Native
Non-native
T otd Veg
Weeds
Species Richness
Native
Non-native
Total Veg
Weeds

Frequency distribution
o f cover classes is not
dependent on method
(seeding/not seeding)
"
"

"

"

x V xS ,f»5= 7.81
Zc>Zo^l-96

X V X \ 05=7.81
Zc>Zo5=l .96

Same as Species Richness
test bdow

Same as Species Richness
test below

Mean % cover type on
seeded roads = mean %
cover type on non-seeded
roads
"
"

Mean % cover type on

F c3 F io , 0 5 = 1 0

seeded roads * mean %
cover type on non-seeded
roads
"

Fp>Fiq.05=1 0
Fg>F|0^OO5=12.8

Proportion o f species on
Seeded roads = proportions
o f species on mm-seeded
roads

Proportion o f species on

Z c > Z o jp l.9 6

Seeded roads * proportions
o f species on non-seeded
roads

Z c > Z o5 = 1 .9 6

Seeded non-natives
Seeded n<m-natives did
not spread off road
spread off road
I . All tests were nm using bare ground, rode, litter, native and non-native, and then run
again using bare ground, rock, litter, and total veg. (native and non-native together).

Spread o f Seeded Non-natives
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F ^ ,frl= 3 .2 9
FoF,0.001=25
tc>tio.05=2.23

Z c > Z o5 = L 9 6

Z c r'Z o rl 96
Seeded non-natives
spread

Chi-Square
Chi-Square
Chi-Square
Chi-Square
Chi-Square
Chi-Square
Z Test For Proportions

MANOVA F-test
MANOVA F-test
MANOVA F-test
MANOVA F-test
MANOVA F-test
MANOVA F-test
T-Test

Z Test For Proportions
Z Test For Proportions
Z Test For Proporticms
Z Test For Proportions
No Test Needed

Appendix D.
Summary Statistics of Seeded and Non-Seeded Roads by Frequency o f Cover Types,
Percent Cover, and Species Richness.
N

Not Seeded
Mean SD

Percent Frequency (Im^ plots)
Bare Ground
Rock
Litter
Native
Non-native
Total Vegetation I
Weeds

3
3
3
3
3
3
3

81.9
40.3
77.1
19.8
33.6
21.7
44.9

20.6
17.4
16.3
7.2
10.2
5.6

Percent Frequency (0,1
Bare Ground
Rock
Litter
Native
Non-native
Total Vegetation
Weeds

3
3
3
3
3
3
3

72.2
19.4
63.9
16.1
30.6
17.7
30.6

6
6
6
6
6
6
6

10.5
1.5
18.6
2.3
1.7
3.9
12.2

Seeded
N Mean SD

Result

Significant

3
3
3
3
3
3
3

44.4
68.1
93.8
17.6
29.6
19.5
36.5

32.4 X^=15.9
26.5
5.5
3.5
6.6
1.9 X^=14.8
— Zc=L91

Yes
No
No
No
No
Yes
No

26.8
9.6
12.0
0.5
9.6
1.5
—"

3
3
3
3
3
3
3

41.7
52.8
84.7
13.0
24.5
15.0
33.3

30.0
17.3
13.4
2.9
8.5
1.2
----

X^=14.1
X^=14.1

X^=9.5
Zc=.44

Yes
Yes
No
No
No
Yes
No

8.7
2.8
2.9
1.1
0.6
0.8
16.5

6
4.0
6
2.0
6 15.3
2.9
6
6
4.7
7.5
6
6 22.8

4.8
1.7
11.3
1.4
3.2
2.1
27.3

F=2.5
F=.18
F=14.2
F=1.2
F=3.95
F=31.4
t=-.821

No
No
No
No
Yes
Yes
No

Zc~LO
Zc=.61
Zc=L3
Zc=.35

No
No
No
No

—

plots)

1

Percent Cover (O.lm^ plots)
Bare Ground
Rock
Litter
Native
Non-native
Total Vegetation
Weeds
1

Species Richness
Native
Non-native
Total Vegetation I
Weeds

31 of 37
6 of 37
37
4 of 37

32 o f 36
4 o f 36
36
3 o f 36

None
None
Spread of Seeded Non-natives None
1. All tests were run using bare ground, rock, litter, native and non-native, and then run
again using bare ground, rock, litter, and total veg. (native and non-native together).
N = number o f replicate plots
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Appendix E.
Mean Percent Cover and Frequency of Species Found on Seeded and Not Seeded Roads.
N ot Seeded R oads
Species
Native
Graminoids (G)
Achnatherum nelsonii
Agropyron tracf^caulum
Bromus carinatus
Deschampsia cespitosa
Elymus glaucus
Hordeum jubatum
Koleria cristata
Poasecunda
Vulpia microstachys
Vulpia octojlora
Vulpia sciurea
Forbs (F)
Achillea millefolium (y/eed)
Arctostaphylos columbiana
Carex geyeri
Collinsia parviflora
Cryptantha flaccida
Fragaria vesca
Galium aparine
Hieraceum albertinum
Holodiscus discolor
Linanthus bicolor
Lomatium triternatum
Lupinus sericeus
Madia exigua
Microseris nutans
Montia perfoliata
Osmorhiza chilensis
Potentilla drummondii
Sedum stenopetalum
Symphoricarpos albus
Vaccinium parvifolium
Vicia americana
Non-Native
Bromus japonicus (G, Weed)
Dactylis glomerata (G)
Poabulbosa (G,Weed)
Trifolium repens (F)

Mean% Mean%
Seeded Roads
Cover
Frequency Species
Native
Graminoids (G)
0.2
Agropyron spicaturm
18.1
0.0
1.4
Agropyron trachycaulum
0.1
Bromus carinatus
15.3
0.0
1.4
Deschampsia cespitosa
0.9
18.1
Festuca idahoensis
0.1
Festuca scabrella
2.8
0.1
15.3
Hordeum jubatum
2.2
26.4
Koleria cristata
0.1
11.1
Poa secunda
0.0
1.4
Stipa californica
0.0
4.2
Vulpia microstachys
Forbs fF)
Achillea millefolium (Weed)
2.8
81.9
1.4
0.0
Carex geyeri
Cryptantha flaccida
0.6
20.8
29.2
1.8
Fragaria vesca
2.5
56.9
Galium aparine
1.1
25.0
Habenaria ualascensis
0.1
Hieraceum albertinum
4.2
0.1
9.7
Holodiscus discolor
0.1
1.4
Lathyrus nevadensis
20.8
Linanthus bicolor
0.6
1.0
48.6
Lomatium triternatum
1.2
36.1
Lupinus sericeus
4.0
56.9
Madia exigua
0.3
23.6
Microseris nutans
1.5
8.3
Montia perfoliata
0.0
Potentilla drummondii
8.3
41.7
Sedum stenopetalum
0.7
1.5
55.6
Symphoricarpos albus
1.4
0.0
Vaccinium parvifolium
1.4
0.0
Vicia americana
1.0
47.2
Non-Native
Volunteer
Bromus japonicus (G,Weed)
0.0
2.8
0.1
5.6
Festuca ovina (G)
47.2
Poa bulbosa (G,Weed)
0.7
30.6
Rumex acetosella (F,Weed)
1.0
Seeded
Dactylis glomerata (G)
Trifolium repens (F)
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Mean% Mean%
Cover Frequency

1.2
0.0
3.3
3.2
0.4
0.0
0.0
0.1
0.1
0.0
0.4

38.9
4.2
26.4
33.3
8.3
15.3
1.4
5.6
6.9
1.4
22.2

5.5
0.0
4.3
3.8
0.1
0.0
0.6
1.0
0.0
0.1
0.6
3.2
1.0
0.8
0.1
0.5
0.4
0.1
0.0
2.8

90.3
1.4
87.5
54.2
12.5
1.4
19.4
16.7
2.8
6.9
44.4
34.7
36.1
43.1
2.8
25.0
33.3
9.7
4.2
51.4

1.6
5.8
1.0
0.0

13.9
31.9
44.4
4.2

0.1
0.1

6.9
15.3

